The main purpose of this study was to identify soybean cultivars which maintained high yields on acid soil. A secondary purpose was to determine what nutrient changes were responsibe for the yield losses occurring due to low pH soil. The significant cultivar x lime interaction indicated that yield in some cultivars was more adversely affected than in others. Terra Vig 708 and Deltapine 345 showed no significant yield loss when grown on low pH compared to limed soil and were classified as very insensitive to soil acidity. Other cultivars were classified as either moderately insensitive, sensitive, very sensitive, or severely sensitive. Analysis of variance and correlation studies indicated that the most probable reason for reduced seed yield on low pH compared to limed soil in this study was interference with N fixation and reduced N uptake by the plants grown on low pH soil.
Introduction
Soybean production in Louisiana and throughout the southeastern USA is adversely affected by low pH soils. Acid soils can reduce plant growth and yield by increasing soil concentrations of H, A1, and Mn to toxic levels, decreasing the availability of Ca, Mg, and Mo, and adversely affecting Rhizobium nodulation and N 2 fixation (Mengel et al., 1987) . For soybean soil pH becomes critical in the range of 5.2 to 5.4 based on studies from several soil types of the southeastern USA (Adams, 1984) . Sedberry et al. (1973) reported that with the exception of the floodplains of the Mississippi and Red Rivers, 35 percent of the soils in Louisiana had pH values below 5.5. Information on cultivar response to acid soil among new determinate cultivars is lacking. Since soil acidity is a major problem in the agriculture of Louisiana and much of the southeastern USA, the objectives of this study were to determine yield responses to low soil pH and to determine what changes in plant and soil mineral concentrations were associated with these yield responses.
Materials and methods
Field studies were conducted during 1984, 1985, and 1986 at the Burden Research Station, Baton Rouge, LA (30 N Lat) on an Olivier silt loam (fine-silty, mixed, thermic, Typic Fragiudalf) soil. Fertilizer was applied prior to planting at a rate of 0-67-67 kg ha -t (N-P-K). The test plants were machine-planted on 13 June, 21 May, and 7 May in 1984 , 1985 , and 1986 , respectively, at the rate of 39 seeds m-I of row into 3-row plots having 100-cm row width. Liming was practiced by surface application and disking 2240 kg ha -1 of agricultural lime. In order to compensate for variable soil pH, different amounts of alum [A12(SO4)3.18 H20 ] were applied to create low pH treatments. Replications one and two received 2.2 Mg ha-1 incorporated into topsoil and subsoil, while replications three and four received 4.4 Mg ha -1.
The experimental design was a split-split plot with four replications. Main plots were the three years of the study : 1984, 1985 and 1986 . Split plots were limed and low pH treatments described above. Although slight variation occurred between plots, average pH in the limed and low pH treatments were 6.4 and 5.2, respectively. Split-split plots were 13 commercial soybean cultivars: Maturity Group V cultivars 'Forrest', 'Deltapine 345', and 'Wiltstar 550'; Maturity Group VI cultivars 'Ring Around 680', 'Davis', and 'Pickett 71'; Maturity Group VII cultivars 'Hartz 71-26', 'Terra Vig 708', and 'Bragg'; and Maturity Group VIII cultivar 'Coker 368'. Analyses of variance of all parameters were accomplished by using main plot, split plot, split-split plot error terms, or adjusted error terms where necessary. Mean separation was by LSD (P = 0.05).
Seed yield, adjusted to 130g kg -1 moisture, was measured on the one interior row of each plot which had been end-trimmed to 4.3 m for harvest. Leaf samples for tissue analyses were obtained in each year of the study at the R5 stage (Fehr and Caviness, 1977) by selecting 45 of the most recently fully-expanded trifoliate leaves from the center row of each plot. Plant samples were wet-digested according to the method of Havlin and Soltanpour (1981) as described by Cherney and Robinson (1983) , and Ca, Mg, P, S, K, Mn, AI, Fe and Zn were determined in an ARL Inductively Coupled Plasma Emission Spectrometer. Plant N uptake was determined by the Kjeldahl method after harvesting 30 cm of row from each plot at the R6 stage (Fehr and Caviness, 1977) . Soil pH of the top 0-15-cm of soil was determined in a 1:1 water mixture by the method of McLean (1982) . 
Results and discussion
Analysis of variance showed that lime treatments in this study had a highly significant impact on seed yield without any year x lime interaction. The highly significant lime × cultivar interaction made it necessary to study individual cultivars in limed and low-pH treatments. Seed yields were depressed by low soil p H much more in some cultivars than in others (Table 1) . Across all cultivars, the seed yield decline due to low p H was 25 percent. Seed yield was significantly higher in limed than in low-pH treatments in all cultivars except Deltapine 345 and Terra Vig 708. Cultivar variation in lime response was manifested in the percent seed yield decline due to low p H levels ( Coker 156, and Centennial were sensitive cultivars; Lee 74 and Wilstar 550 were very sensitive; and Davis and Bragg were severely sensitive. In order to avoid seed yield losses on soils having pH less than 5.5, cultivars in the very insensitive and moderatley insensitive classifications should be grown or the soil should be limed to pH 5.5 or higher. Leaf analysis indicated that macronutrients (Ca, Mg, P, S, and K) were maintained in the adequate range in plants on the low-pH soils (data not shown). Levels of AI, Zn, and Mn in leaf tissue were below toxic levels (data not shown) in all treatments. Both %N content and N uptake were significantly affected by lime and the lime × cultivar interaction. Low soil pH resulted in an average 20% decline in %N content and 37% decline in N uptake compared to limed soil. Cultivar yield responses to low pH appeared to parallel N uptake responses. The four cultivars in which N uptake was least affected by soil acidity, viz. Deltapine 345, Ring Around 680, Hartz 71-26, and Terra Vig 708 (Table 2) , were all classified as very insensitive or moderately insensitive to low pH. Cultivars with the greatest reduction in N uptake (greater than 40%) due to low pH soil viz. Lee 74, Coker 156, Davis, and Bragg were classified as sensitive to severely sensitive to low pH. Correlation analysis revealed a close association between yield and N uptake responses in this study. When all observations in the study were correlated, yield and N uptake were found to be significantly related (r = 0.49, P = 0.001). Even more convincing, an r value of 0.83 (P = 0.001) was shown for the relationship between % yield decline and % decrease in N uptake in low-pH versus limed soil (observations were the 13 cultivars averaged across three years). This strongly suggests that cultivars showing large reductions in N uptake due to soil acidity were also the cultivars having large yield reductions in low-pH soil. These data suggest that the main effect of reduced soil pH on yield was reduced ability of the plants to fix N 2 gas. Low pH impairs this process by interfering with nodulation and/or by reducing the availability of Mo. Since soil Mo was not determined, it is difficult to state whether one or both factors were responsible.
